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1.0 IDENTIFICATION OF RCC AND GENERAL INFORMATION 


pane The Resource Control Center (RCC) identified as MATPCM is a 
machine shop which performs standard machine operations for parts 
and assemblies requiring rework and repair. These parts and assen- 
blies are received from other RCC's. Once the items are repaired 
and reworked by MATPCM, they must be picked up by the respective RCC. 
MATPCM serves primarily as a support RCC to the other area work groups. 


The area layouts is such that similar type machines are positioned 
co together in one section of the shop. 'A problem exist for the Lathe 
a” Group in that the spacing between machines is sometime not sufficient 

for working some parts requiring large fixtures on the Lathes. How- 


ever, adequate space exist for the other equipment in the area. 


The square footage for MATPCM consists of 2928 square feet in the 
assigned production area for MATPCM and 1489 square feet allocated in 
MATPCB for the J-57 and TF-33 manifold assembly operations. Given 
the current workload requirements, there appears to be an adequate 
amount of equipment, workspace, and personnel. It is noted that the 
current MATPCM RCC will be integrated into a complete machining complex 
which has been proposed by AFLC Management. The detailed layout 


configuration for the new area has not been developed. 


MATPCM is located in Building 3001, Column P~30 of the OC-ALC. 
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2.1 FACILITY LAYOUT DRAWING 


The current Facility Layout Drawing is accurate except for the 
abs¢ence of drill presses on work benches and the locations of cabinets 
and tool boxes. The red highlighted areas indicated on the Layout 


Drawing are numbered and represent the following: 


- Drill Press 

- Drill Press 

~ Cabinet (28x30) 

- Benct, Grinder 

Arbor Press #1 

- Drill Press (not functional) 

~ Hole Punch (on top of cabinet) 
- Drill Press 

- Drill Press 


wo ON DU F&F WH 
t 


— 
Oo 
1 


Hand Lapping Fixture 


The milling machines, drills, and fixtures in the manifold assembly 
section are labeled as CM. Bins and cabinets in the drawing are used 
for the storage of interchangeable small parts and miscellaneous tools. 
Tables and benches illustrated in the layout are primarily used for 
storage of parts, tool, and other items. Since MATPCM is a job shop 


environment, the present layout is sufficient for the purpose of pro- 


duction. No significant changes for consideration were noted. 
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Although it appears that there is an adequate amount of space 
available between equipment and between storage areas, the blueprint 
is not accurate in this regard. Only approximately 2-4 feet of 
space exist between the Monarch Lathes in the east part of the MATPCM 
area. The lack of space tends to restrict movement of the operator. 


It is also difficult to werk larger parts on the Lathes. 


AFLC Personnel indicate that the current machine shop will >e 
integrated into another area within the next few months. When the 
proposed layout is approved, the actual details of where the 


machines will be located in the new area have not been proposed. 


The actual Blueprint Layout configuration and the attached 


combination of all machine shop areas is included in this section. 
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2.2 EQUIPMENT 


The equipment in MATPCM consist of several types of standard 
machines to perform manufacturing function. There are 5 Engine 
Lathes (Two Cincinnati and three Monarchs), 6 Milling Machines 
(4 horizontal, 2 vertical; 3 are Cicinnati and 3 are Kearney- 
Treckers), 2 Radial Drill Presses, 3 Standard Drill Presses, 2 
Arbor Presses, 1 Tapping Machine, 1 Oven, 1 Grinder and 1 Lapping 
fixture for manifold assemblies. A Thompson Surface Grinder, A 
Slot-Cutter, and a Hydraulic Press machine are available but rarely 
used. Most of the equipment age ranges anywhere from 15-25 years old. 


Three Drill Presses under one year old were recently added. 


Maintenance on the equipment consist mainly of the operators 
adding lubricants as needed with the maintenance facility performing 
a thorough job on a six-month basis. The cendition of the equipment 


is satisfactory with few incidents of breakdown occurring throughout 


the year. 


PAGE 5 


2.3. WORKFORCE 


The workforce of MATPCM is fairly stable. The workforce consist 


of 14 machine tool operators, 1 machinist, and 1 unit chief. The 
breakdown is as follow: 


SKILL CODE SKILL LEVEL UANTITY AVG. YRS. OF EXPERIENCE 
AJ WG-09 14 3-25 
AJ WG-10 1 4 


Although the WG-09's are described as basic machine tool operators, 


they cften perform work on the same level as a WG-10 in the same unit. 


The WG-09's are cross-trained to perform nearly all operations of the 
shop and have similar skills of a WG-10. 
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2.4 REPAIR WORK TECHNOLOGIES 


The MATPCM machien shop preforms standard machining operations 
typical of any machine-job shop Environment-Drilling, boring, reaming, 
threading, tapping, facing, cutting, grinding, and lapping tasks as 
necessary for a wide variety of parts Typical parts worked will be 
sub-assembly components which will have come from other RCC's and 
require rework. A general list of compontent will be actuators, 
manifold assemblies, nozzles, fuel support assemblies, pumps, hinges, 
engine parts, thermostats, and miscellaneous small parts which require 
hardware and machining opreations on an as needed basis. Replacement 
spare parts which come in from vendors will sometimes require machining 
work in order to meet T.0O. Specifications. 
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2.5 WORKLOAD MIX AND VOLUME 


The MATPCM machine shop will typically work control numbers and 
WCD's from MATPCA (servo control- engine igniter subunits), MATPCB 
(accessories, fuel pumps, manifold-nozzle subunits), MATPCD (engine 
accessories, governor/misc o/h, and regulator-control subunits). and 
MATPEA ( fuel control overhaul subunit). Of these three, MATPCB supplies 
the majority of the workload to MATPCM. Work will arrive at the machine 
shop in variou ways. If a part is considered a "Rush" priority by the 
home RCC Group, then the machine shop will work on the one part as soon 
as possible. Otherwise, any other part or group of parts which arrive 
at the shop will be worked on a FIFO Basis. 


There are many parts which require considerable set-up time on 
either the Engine Lathes or the Milling Machines. In this case the home 
RCC's will take a bin of several parts to the machine shop at a time in 
order to reduce set-up time, especially if the machining time for the 
part is minimal. The machine operator will do all the necessary rework, 
return the parts to the traveling bin, and place the bin on the finished 
parts table for the home RCC group to pick up. 


Volume of work for the unit will vary and is typical of a job-shop 
unit. The vorkload will primarily depend upon the conditions of the 
RCC's work and the frequencies of the parts in the home RCC's which act- 


ually require machine shop rework. 


The specific aircraft models which are primarily worked are the J-57, 
t TF33, J79, TF41, and TF 30 parts. All control numbers worked are MISTR. 
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Therefore, the program workload percent according to the 80/20 list is: 


PROGRAM PERCENT 
MISTR 100 
PDM 
TEMP 


MFG 0 
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2.6 MATERIAL HANDLING 


There is no special Material Handling Equipment required in MATPCM 
since it is a job-shop environment and no large assemblies are worked in 
the area requiring unique handling. As mentioned in Workload Mix and 
Volume, the parts to be worked will be transported to the appropriate 
work station in a bin which ca be carried by the operator, large fixtures 
which have considerable weight can be moved with small carts which are 


available in the area. 


2.7 STORAGE 


Work tools, fixtures and miscellaneous hardware are the only items 
stored in MATPCM. The glass cabinets will contain the fixtures and the 
small cabinets with drawers will contain the small interchangeable parts 
and miscellaneous hardware. Each drawer is labeled as to what type of 


part or hardware it contains. Incoming and outgoing parts are stored on 


benches and tables next to the main shop aisle. 
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3.0 80/20 WORKLOAD ANALYSIS 


An 80/20 Analysis was performed for MATPCM using information 
obtained from AFLC analysis reports. From the earned hours reported 
for the control numbers worked by MATPCM, the following list of 


control numbers were identified as representing 80% of the workload: 


CONTROL NUMBER WCD NAME 
49802 A CBE4O1A 
49806 A CBE401B 
49808 A CBE4O1C 
49810 A CBE401D 
98034 A CBECO4A 
98042 A CBECO4B 
98043 A CBECO4C 
98057 A CBECO4D 
50067 A CMEM02 
38691 A CB945 A 
38690 A CB945 B 
98206 A CMEZ03 
49779 A CDEY38 
38685 A CMEMO4 
50126 A EAEYO1A 
50127 A EAEYO1B 
yJ19i A EAEYO1C 
50281 A CDECOL 
61138 A CDEY 39 
38677 A CMEMO3 
30241 A CAEBO5 
37719 A CAA601 
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97168 A EA945A 
98210 A CD945A 
38718 A CAEMO2 
50134 A Cmey02 


Although 25 control numbers are listed as comprising the 80% 
workload, there is not an equal volume among this list. 12 of the 
25 control numbers contain the significant volume of work within 
MATPCM and the remaining 13 were necessary to obtain the 80% workload 
figure. 


3.1 VALIDATION 


During the study, the control numbers listed on the 80/20 analysis 


were determined co be fairly representative of the machine shop workload. 


Note the above comment concerning what control numbers are considered 


signigicant within the 80/20 
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4.0 DATA COLLECTION 


Of the profile data sheets available for data collection, it 
was determined that only the following were necessary for the conditions 


of MATPCM: 


- Operation Profiie 
~ Manpower Profile 


~ Equipment Profile 


Disassembly/Assembly Profiles and Parallel Process Profiles 
were not warranted due to the nature of the work in MATPCM. The 
data obtained for MATPCM was from interviews conducted with shop 
personnel, primarily Bruce Cannon (WG10 Machinist) and Ron Dennis 
(WGO9 Machine Tool Operator). Manpower available hours information 
was obtained from ALC Personnel. The Unit Chief for MATPCM has been 


absent due to medical reasons. 
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4.1 DATA COLLECTION PROCESS 


Each controll number identified by the 80/20 analysis had an 
operation profile developed for it. The temporary shop foreman, Bruce 
Cannon, advised as to which shop personnel were responsible for the 
control numbers being studied. For nearly all the control numbers, 
either Cannon of Ron Dennis, a mashine tool operator, provided the 
necessary information and data “or the operation profiles. Since all 
operators are cross-trained on how to work parts and perform all machin- 


ing operations, Cannon and Dennis were familiar with the controi numbers. 


The operators were interviewed to determine what operations and 
processes were actually occurring on the work control document (WCD) 
associated with the control number. If there was a discrepancy with 
WCD and what was actually occurring, it was noted in the source comments 
column of the operation profile and handled appropriately in the data 
columns. All transit times, flow times, manpower and equipment codes 
and times, and occurrence factors were determined primarily by operator 


information. 


All profile sheets were reviewed for completeness and correctness 
and were processed according to instructions and accuracy of information 


given. 
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REQUESTED COST DATA FOR RRB-QF7 


Cost Savings: 


Present Condition Cost For the Last 12 Months: 
Rework costs associated with repairing supplier parts received from 
stores and delivered to the production RCC when the noted reason for 
repair is already documented on a QOR = $ ‘ 
Scrap costs for parts associated for the above = $ 


Return to supplier (stores) costs for parts associated with the above 


=$ 


Labor costs associated with the above parts = $ 


Proposed Implementation Cost: 


Costs either to return or to screen all parts in stores identified as 
discrepant on a QOR = $ 


Annual Cost Savings (First Year): 


(Present Condition Cost] - [Proposed Implementation Cost] = $ 
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REQUESTED COST DATA FOR RRB-QF4 


Cost Savings: 
Present Condition Cost For the Last 12 Months: 


Rework and scrap costs associated with mechanics repairing parts to 
unauthorized/uncontrolled copies of technical orders = $ Z 


Cost to print, distribute and incorporate all changes to the 
technical orders = $ ‘ 


Proposed Implementation Cost: 


Cost involved to install] CRTs on the production floor so that all 
mechanics will have convenient access to a CRT = $ 


The special data proceso cost required to initiate/implement this 
system = $ 


Annual Cost Savings (First Year): 


{Present Condition Cost] - (Proposed Implementation Cost] = $ 
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REQUESTED COST DATA FOR RRB-QF2 


Cost Savings: 


Cost Improvement Data: 


Present Condition Cost For the Last 12 Months: 


Cost to replace al? new purchased parts that were scrapped at the 
expense of the ALC due to the lack of necessary supplier 1.0. at 
installation = $ : 


Cost to repair all new purchased parts at the expense of the ALC 
due to the lack of necessary supplier I.0. at installation = 


Proposed Implementation Cost: 


Cost incurred by ALC purchasing office to insert the noted P.0. 
requirement (ref. "Proposed Method,*® page 1) = $. 


Estimated additional annual cost by a1] ALC new parts suppliers to 
implement the noted [.0. requirement as specified (ref. “Proposed 
Method," page 1) = $ Z 


Annual Cost Savings (First Year): 


0051P/77 


v 


[Present Condition Cost} - [Proposed Implementation Cost] = 
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REQUESTED COST DATA FOR RRB-OQFI 


' Cost Savings: 
: Present Condition Cost For the Last 12 Months: 


(A) Cost of scrapping all new purchased parts at the Pestele of the 
ALC due to expired warranties = $ 


(8) Cost of repairing al} new purchased parts at the eRpeneS of the 
ALC due to expired warranties = $ 


Proposed Implementation Cost: 


Labor costs involved to date stamp the new purchased parts and rotate 
the oldest stock forward during the storage of new parts = $ F 


Annual Cost Savings (First Year): 


Sot tn ee ee ee, 


{Present Condition Cost] - (Proposed Implementation Cost] = $ 
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5.1 PROFILE DATA FILES 
The profile data files for RCC MATPCM were previously submitted under memo 
number NKE-E016-7687, dated August 29, 1989. 


5.2 MODEL INPUT FILES 
The model input files for RCC MATPCM were previously submitted under memo 


number NKE-E016-7687, dated August 29, 1989. 


6.0 VALIDATION OF INPUT DATA 

All profile data was validated in accordance with paragraph 7.2 and 7.3 of the 
Simulation Modei Definition Document (SMDD). The profile data files included in this 
document were validated and accurately represent MATPCM. 


foo 


7.0 <OMPUTER SIMULATION ANALYSIS OF RCC 
The computer simulation analysis for RCC MATPCM was previously submitted under 
memo number NKE-E016-7687, dated August 29, 1989. 


( 8.0 VALIDATION OF SIMULATION ANALYSIS 
= The validation of simulation analysis for RCC MATPCM was previously submitted 
under memo number NKE-E016-7687, dated August 29, 1989. 


9.0 BRAINSTORMING 
The minutes for RCC MATPCM brainstorming were previously submitted under memo 
number NKE-E016-7687, dated August 29, 1989. 


10.0 EXPERIMENTATION 

Experimentation is the process by which the factors and levels developed in 
brainstorming are tested for interaction and effect. The factors and levels identified 
are fitted into a Taguchi orthogonal array, which then defines the experimental 
design. Changes in quality characteristics, such as throughput and/or simulated 
process flow times, are then analyzed as experimental results. Taguchi 
methodology is used in performing this analysis. 


It is important to understand the process by which experimentation is developed if 
useful information is to be obtained. For this reason, the following discussion will 
attempt to define certain terms, approaches, and desired results in regard to the 
experimentation process. 


It is often the case that technical information needed for making a decision 
regarding a process or product is unknown. Since this information is in most cases 
needed as quickly and inexpensively as possible, the Taguchi method of using 
fractional factorials in the form of orthogonal arrays is considered a method of 
choice. 


Two terms require definition due to their fundamental importance in developing 
and interpreting the orthogonal array. A factor is a parameter purposefully altered 
so that resulting changes in the output variable may be observed. Levels are the 
different settings for each factor in a designed experiment. 


The advantages of using uthogonal arrays ares teat The main effects of factors 
under test are balanced and separable, the number of experiments required is 
greatly reduced, and the ease with which test planning and data analysis may be 
performed. This allows the arrays to be applied to a broad spectrum of problem 
identification and analysis. 


Test matrices developed by Or. Taguchi, et al, are applied to the orthogonal array 
for which it is applicable. Mathematical analysis of the quality characteristic chosen 
is then accomplished using the test matrices to find the best combination of factors 
and levels. The convention for ete of test matrices is as follows: 

Ln) pan 


Ce, ¢. 
Where N=number of experimental runs. “9-4 


J = number of levels. 
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pS K = maximum number of factors that may be included In test. 


( Two factors are said to interact (in their effect on the output variable) if the effect of 
one factor is different at the different levels of another factor. If two factors 
physically interact, that effect can be identified in the test results. 

. Contre! 
A note on noise: ‘xontrol factors are those factors easily adjusted during product 
design and process design. Noise factors are these factors which are difficult or 
impossible to adjust during production or customer use. Selection of those factors 
easiest to adjust is the best procedure when test planning begins. Because the 
UDOS 2.0 model produces noise-free output (100% reproducible), only contro! 
factors are included in model experimental designs. 
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It is important to remember that for the effective use of the UDOS 2.0 simulation 
model for experimental simulation analysis, the correct factors and levels must be 
identified and developed during initial test planning. The model allows a 
comparative analysis of the selected factors and levels, with identification of the 
best combination of these. It must be remembered that this may not be the optimal 
solution to a process or product problem, the factors and levels of which may not 
have been defined. 


Numerous works have been produced regarding the use of Taguchi analysis in 
problem identification and solving in industrial settings. The reader is encouraged 
to examine this material, including the fundamental work of Dr. Taguchi, for specific 


applications and techniques. 
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10.1  MATPCM EXPERIMENTATION RESULTS 


A statistical analysis was performed on throughput and flow time (actual 
vs. simulated) for the validated model run. The results of this analysis 
are shown in Tables 10-1. These results form a baseline to which the 


quality characteristics from the experimental model runs are compared. 


The orthogonal array developed during brainstorming is shown in table 
10-2. It lists the factors and levels which will form the experimental 
design. The use of this array reduces the number of experimental runs 
from 8 to 4. The experimental runs are performed on the UDOS 2.0 model 
using the existing (AS-IS) conditions for FY88. Note that due to the fact 
that throughput was 100% for all experimental runs, it is now necessary to 
use average simulated flow time as the quality characteristic for 
comparative analysis. Table 10-3 gives the result of this analysis, 
beginning with the average flow times of each experimental run and showing 
the interaction among factors and levels. The Taguchi test matrix is 
shown to the right of these listings. The optimal configuration is given 


as: 


FACTOR: A B C 
LEVEL: 1 N/A N/A 


This configuration is interpreted as the following: (1) The AS-IS 
condition for manpower is slightly more advantagous than reducing the 
number of AJ0Se by six, (2) No appreciable benefit seen from reducing the 
machine setup times, and (3) No appreciuble savings by reducing the 
machine process times by 2%. Note that the average savings in flow time 


is (simulated) 90.71 va. 90.84 hours for the AS-IS condition. Given these 
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results, it would be very difficult to recommend any of the changes 
suggested. In the case of manpower, redistribution of these highly 
skilled machine tool operators into machine shops less well staffed might 
be considered. It may also be the case that effects of batching is 


obscuring benefits gained from setup time reduction. 


The detailed results of these rune by PCN may be found in appendix A. The 
computer generated analysis sheets contained in appendix A, which is 
formed from a LOTUS 123 spreadsheet program, contain an extensive Taguchi 
analysis using the quality characteristics of Throughput (simulated vs. 


actual) and Simulated Flow Time. 


10.2 SURGE ANALYSIS 


Surge production capability for this RCC was performed by running a model 
Usage Report using the FY88 data with the surge conditions for various 
weapons systems as reported by ALC Headquarters. The usage report was 
adjusted to show the surge conditions for manpower and equipment of a 
seven day work week and two twelve hour shifts. The analysis of this data 
shows that MATPCM is a very robust production area, fully capable of 
meeting projected surge conditions with the present level of manpower and 
equipment. It should be mentioned that the existing level of experience 
and expertise may be directly affecting the throughput and flow hours 


are more difficult to train and 
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replace than certain other skills, and often capable of being immediately 


productive if needed in other, less well manned areas. 
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C: MATPCM AVERAGE SIMULATED 


THROUGHPUT STATISTICAL ANALYSIS 
TABLE Sapte /O ~/ 


PART CONTROL 
NUMBER (PCN) 


SIMULATED 


49902A 
49606A 
49808A 
498104 
9B034A 
98042A 
98043A 
98057A 
50067A 
38691A 
98206A 
38690A 
49779A 
38685A 
50126A 
30241A 
38718A 
SO281A 
61138A 
38677A 
SO127A 
37719A 
S7168A 
98210A 
SO1S1A 
SIMA 


% VARIANCE 
FYSBACTUALS | ‘cim /ACTUALS) 


L, ORTHOGONAL ARRAY 
EXPERIMENTAL RESULTS FOR MATPCM 
( TABLE-C40:22 /9 ~ > 
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MATPCM EXPERIMENTAL 
FLOW TIME AVERAGES STATISTICAL COMPARISON 
( TABLE @48@2@BR to 2 


EXPERIMENTAL FLOW TIME AVERAGES - 


EXP. 1 90.04 
EXP. 2 89.83 
EXP. 3 92.24 
EXP. 4 92.82 
FACTOR LEVEL 

1 1 99.94 

2 92.53 

2 2833 
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APPENDIX A 
TAGUCHI ANALYSIS BY PCN 
FOR EXPERIMENTAL RUNS 
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